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DESCRIPTION • 

DISCHARGE LAMP LIGHTING APPARATUS AND LAMP SYSTEM 
USING THE LIGHTING APPARATUS 

TECHNICAL FIELD 

The present invention relates to an apparatus for lighting a high- 
voltage ascharge lamp such as a metal halide lamp, and more particularly, 
to a discharge lamp hghting apparatiis which is needed when a car 
headlight and the like is instantaneously lightened, and also relates to a 
lamp system using the Hghting apparatus. 

BACKGROUND ART 

Fig. 30 shows a conventional example 1 of a Hghting apparatiis 
disclosed in Document 1 (Japanese Patent Unexamined Laid-open 
PuhHcation No. 9-73991). The conventional example 1 of tiie Hghting 
apparatus comprises a DC power supply E, a Hghting switch S, a DC-DC 
converter 1, a low-frequency inverter 2, an igniter 4, a discharge lamp La, 
and a contarol circuit 5. The contarol circuit 5 contarols an output power so as 
to he a set value by detecting an output voltage and an output current of the 
DC-DC converter 1 as a lamp voltage and a lamp current of tiie discharge 
lamp La, calculating a lamp power from the detection results, and driving a 
switching element QO via a PWM drive unit 9 using an output power 
command value obtained based on the calculation result. 

As shown in Figs. 3lA and 31B, when the discharge lamp La is 
actiiated to be timied on, tiiere is provided a period for inverting an output 
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polariiy of an inverter 2 (referred to as "electrode heating period", 
hereinafter) at a frequency fd a.e., long inversion cycle) lower than an 
inversion frequency ft which is used at the time of a normal operation. The 
inversion frequency is set hy an inversion frequency setting unit 10. 

When the discharge lamp La is actuated to be turned on, if an OFF 
period before the discharge lamp is turned on is relatively long and an 
electrode temperature of the lamp is low, a lamp current detection value for 
the electrode heating period is great. Meanwhile, if the OFF peripd before 
the discharge lamp is turned on is short, since the electrode temperature at 
the time of start of Hghting is higher as the OFF period is shorter, the lamp 
current detection value for the electrode heating period is smaU. 

Thus, there is provided a control unit for varying an inversion cycle 
for the electrode heating period depending on the lamp current detection 
value. Thus, since the inversion cycle for the electrode heating period is 
increased as the lamp current detection value is smaller, the discharge lamp 
can be turned on in a state in which the electrode of the discharge lamp is 
sufficiently heated up. As a result, the discharge lamp is prevented from 
going off when the output polarity is inverted in the inverter circuit, so that 
the discharge lamp can be svirely moved to a stable lighting state. In 
addition, according to the conventional example 1, the set value of the 
inversion cyde is varied only depending on the lamp current detection value 
or a lamp current acctunulated value. 

According to a conventional example 2 disclosed in Japanese Patent 
Unexamined Laid-open Pubhcation No. 2002-216982). a discharge lamp is 
prevented from going off by adjusting an iaversion cycle for an electrode 
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heating period, without using a lamp current detection value or a lamp 
current accumulated value as shown in the conventional example 1. In this 
conventional example 2, an accumulated value of a lamp voltage detection 
value, an inverse number of the lamp voltage detection value, a lamp 
current command value and an accumulated value of the lamp current 
command value are used for adjusting an inversion cyde. 

Since the lamp current just after the discharge lamp is turned on is 
greatiy fluctuated, there may be a case that the current value is not 
accurately detected in the conventional example 1. Thus, as means for 
solving tiie above problem, there is suggested a control in the conventional 
example 2 as described below. That is, in order to provide a stable hghting 
operation, there is set an open loop conta:ol period in which a. switching 
element for conti^oUing a power of the DC-DC converter is driven at a given 
frequency or on duty. Then, a lamp voltage and a lamp current for the open 
loop contarol period are used as initial values of the lamp voltage and tiie 
lamp current detection values at the time of the start of the electarode 
heating period. Thus, an accurate and stable adjustment for the inversion 
cyde can be achieved for the electrode heating period. 

In tiiis conventional example 2, the set value of the electarode heating 
period is varied only depending on the accumulated value of the lamp 
voltage detection value, the inverse number of the lamp voltage detection 
value, the lamp current command value and the accumulated value of the 
lamp current command value. 



DISCLOSURE OF INVENTION 
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In the conventional examples described above, the inversion cycle for 
the predetermined electrode heating period is determined only by a state of 
the discharge lamp such as the accumulated value of the lamp current 
detection value, the lamp current accumulated value, the lamp voltage 
detection value, the inverse number of the lamp voltage detection value, the 
lamp current command value and the accumulated value of the lamp 
current command value. 

A description will be made of an example usiag the lamp current 
detection value as a state of the disdiarge lamp. As shown in Fig. 3lC, 
when an OFF period before a discharge lamp is turned on is long and an 
electrode temperature is low, since a lamp current value la for an electrode 
heating period is great, an inversion cyde ta for the electrode heating period 
is set to be short. When the OFF period before the discharge lamp is turned 
on is short and an electrode temperature is high, since a lamp current value 
lb for the electrode heating period is small, an inversion cycle tb for the 
electrode heating period is set to be long. 

Here, as a method of surely turning on the discharge lamp, there is a 
method in which liie lamp current is set higher and the inversion cyde for 
the electrode heating period is set long as much as possible. However, in 
that method, stress to the discharge lamp and the Hghting apparatus is 
increased, causing the life of the discharge lamp to be shortened and the 
size of the lighting apparatus to be large. Therefore, it is necessary to set 
the electrode heating period such that the stress to the disdiarge lamp and 
the lighting apparatus can be reduced to a minimum and the discharge 
lamp is surely prevented from going off. 
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In an actual lightiiig apparatus, when an input voltage from a DC 
power supply E is lowered, or when a circumferential temperature of the 
lighting apparatus rises, in order to prevent increase of stress of a 
component and circxiit loss, there is provided a control portion (not shown) 
in which a power amount appHed to the discharge lamp at the start of 
hghting the lamp is intentionally lowered regardless of a state of the 
discharge lamp in some cases. 

Here, a description will be made of a case where the conventional 
example is applied to the hghting apparatus including the above control 
method. When it is asstaned that an inversion cycle for an electrode heating 
period is ta when an output current for the electrode heating period is la 
(OFF period before Hghting : A), and an inversion cycle for the electrode 
heating period is tb when an output current for the electrode heating period 
is lb (OFF period before hghting - B), the condition is such that la > lb, A > 
B and ta < tb. 

Here, it is assumed that, when the discharge lamp is actuated to be 
turned on in the state that the OFF period before hghting is A, the iaput 
voltage from the DC power supply E is lowered and the output power is 
intentionally lowered for the above reasons so that the output current is 
lowered from la to lb, the inversion cycle for the electrode heating period is 
set to be tb in the control of the conventional example. However, the 
inversion cycle tb is a value which is set assuming the state of the discharge 
lamp in which the OFF period before hghting is B. Therefore, there is a 
mismatch between the state of the discharge lamp and the control. 

In addition, when the OFF period before hghting is A and the output 
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cxirrent is lowered from la to lb, it is known that if the inversion cycle for 
the electrode heating period is not set farther longer (at least tb or more in 
this case), the discharge lamp will go off. This phenomenon is apparently 
generated in a region in which the output ciurrent is relatively small. The 
same is true of aU of the conventional examples in which the inversion cycle 
for the electrode heating period is set depending on the state of the 
discharge lamp. 

For the above reasons, when it is assumed that the output power for 
the electrode heating period is lowered because of fluctuation of the input 
voltage from the DC power supply E or fluctuation of the circumferential 
temperature of the Hghting apparatus and the like, there is a problem such 
that the discharge lamp goes off depending on a lowering amoimt of the 
output power in the control of the conventional example. 

Furthermore, it is considered that when the discharge lamp is 
actuated to be turned on, its voltage and current characteristics are 
\mstable and the output of the DC-DC converter may be abruptly varied. 
Therefore, if the electrode heating period which is set only by the state of 
the discharge lamp depending on the length of the OFF period before 
lighting is applied to the discharge lamp, there may be a problem in some 
cases that the discharge lamp goes off when the output polarity is inverted 
by the inverter. 

The present invention was made in view of the above problems and it 
is an object of the present invention to provide an improvement of a 
discharge lamp Hghtiag apparatus, preventing a discharge lamp from going 
off when the output polarity is inverted by the inverter, without shortening 
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the life of the discharge lamp, so that the discharge lamp can be surely 
moved to the stable lighting state even when the lamp current is abruptly 
changed or lowered when the discharge lamp is actuated to be turned on 
because of the changes of the power supply drcvunference, the operation 
5 circumference of the hghting apparatus, or the change in electrical 
characteristics of the discharge lamp and the Kke. 

According to the present invention, in order to solve the above 
problems, a discharge lamp Hghtiag apparatus includes^ a power conversion 
unit for conveiiing a DC power supply voltage to a desired voltage; an 

1 0 inverter for inverting a polarity of an output from the power conversion tmit 
and supplying an alternating output to a discharge lamp load; a lamp 
voltage detection unit for detecting a voltage value corresponding to a tube 
voltage of the discharge lamp; a lamp current detection unit for detecting a 
current value corresponding to a tube cvirrent of the discharge lamp; and a 

15 control unit for controlling an output of the inverter to be supplied to the 
discharge lamp depending on the detection results of the lamp voltage and 
lamp current detection units. 

In this arrangement, the control unit includes electrode heating 
amount setting means which sets an alternation time of the output power to 

20 be supplied to the discharge lamp in an electrode heating period for 
actuation of the discharge lamp to be longer than an alternation time 
thereof in a steady hghting period thereof, and which increases the 
alternation time in the electrode heating period depending on a lowering 
degree of a lamp power or a lamp current supplied to the discharge lamp. 

25 According to the present invention, the discharge lamp is prevented 
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from going off when the polarity is inverted by the inverter without 
shortening the hfe of the discharge lamp so that the discharge lamp can be 
surely moved to the stable Hghting state even when the lamp current is 
abruptly changed when the discharge lamp is turned on because of the 
5 changes of the power supply circumference, the operation circumference of 
the hghting apparatus, or the change in electrical characteristics of the 
discharge lamp and the like. 

BRIEF DESCRIPTION OF DRAWINGS 
10 Pig. 1 is a circuit diagram according to an embodiment 1 of the 

present invention. 

Fig. 2 is an e:^lanatory view showing time variation of a target power 
according to the embodiment 1 of the present invention. 

Fig. 3 is a waveform chart showing an output voltage and an output 
1 5 current according to the embodiment 1 of the present invention. 

Figs. 4A, 4B, 4C and 4D are views for explaining operations according 
to the embodiment 1 of the present invention. 

Fig. 5 is a circuit diagram according to an embodiment 2 of the 
present invention. 

20 Fig. 6 is a circuit diagram according to an embodiment 3 of the 

present invention. 

Fig. 7 is a circviit diagram according to an embodiment 4 of the 

present invention. 

Fig. 8 is a circuit diagram according to an embodiment 5 of the 

2 5 present invention. 
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Pig. 9 is a circuit diagram according to an embodiment 6 of the 

present invention. 

Fig. 10 is a view for e^laining operations according to the 
embodiment 6 of the present invention. 
5 Fig. 11 is a ciccuit diagram according to an embodiment 7 of the 

present invention. 

Figs. 12A, 12B and 12C are views for explaining operations according 
to the embodiment 7 of the present invention. 

Fig. 13 is a circuit diagram arcording to an embodiment 8 of the 

1 0 present invention. 

Figs. 14A and 14B are views for explaining operations according to 

the embodiment 8 of the present invention. 

Fig. 15 is a circuit diagram according to an embodiment 9 of the 

present invention. 

15 Fig. 16 is a flowchart showing main control according to an 

embodiment 10 of the present invention. 

Fig. 17 is a flowchart showing interruption control according to the 
embodiment 10 of the present invention. 

Fig. 18 is a view for explaining a first operation according to the 
2 0 embodiment 10 of the present invention. 

Figs. 19A and 19B are views for explaining a second operation 
according to the embodiment 10 of the present invention. 

Fig. 20 is a view for explaining a third operation according to the 
embodiment 10 of the present invention. 
25 Fig. 21 is a flowchart showing main control according to an 
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embodiment 1 J of the present invention. 

Pig. 22 is a circtiit diagram according to an embodiment 12 of the 
present invention. 

Figs. 23A, 23B and 23C are views for explaining operations according 
to the embodiment 12 of the present invention. 

Fig. 24 is a circuit diagram according to an embodiment 13 of the 
present invention. 

Figs. 25A and 25B are views for explaining operations according to 
the embodiment 13 of the present invention. 

Fig. 26 is a circuit diagram according to an embodiment 14 of the 
present invention. 

Figs. 27A, 27B and 27C are views for esqplaining operations according 
to the embodiment 14 of the present invention. 

Fig. 28 is a sectional view showing a lighting apparatus according to 
an embodiment 15 of the present invention. 

Fig. 29 is a side view showing a discharge lamp used in the lighting 
apparatus according to the embodiment 15 of the present invention. 

Fig. 30 is a circuit diagram according to a conventional example. 
Figs. 31A, 31B and 3lC are views for explaining operations according 
to the conventional example. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Embodiment 1 

Fig. 1 is a circuit diagram showing an embodiment 1 of a discharge 
lamp lighting apparatus according to the present invention. In Fig. 1, 
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reference character E designates a DC power supply which is a car battery 
(14V, for example) and the hke. However, a commercial AC power supply 
may be used under the condition of being rectified and smoothed. 

Reference numeral 1 designates a DC-DC converter, which 
constitutes a power conversion unit in a first aspect of the present invention. 
Although an FET is illustrated as a switching element QO, other type of a 
switching element, for example, IGBT may be also used therefor. The DC 
power is converted through a transformer Tf by turning on/off the switching 
element QO. Although a flyback type is ittustrated as a circuit mode, it may 
be another type. An output of the transformer Tf is rectified by a diode DO 
and the smoothed DC voltage is obtained by a capacitor CO. In addition, 
according to the iUustrated circuit, although a negative potential output 
type having a potential of the output to be negative to the ground is 
illustrated, it may be a positive potential output type. 

Reference numeral 2 designates a low-ficequency inverter which 
constitutes an inverter in the first aspect of the present invention. The low- 
ficequency inverter 2 alternates the DC voltage output firom the DC-DC 
converter 1 at a low fi:equency and supplies to a load side. In the low- 
frequency inverter 2, a series circuit of the switching elements Ql and Q2 
and a series circuit of switching elements Q3 and Q4 are connected in 
parallel, and they are alternately turned on/off by an inverter drive unit 3 in 
a manner of a cross-coupled combination. That is, a period is set such that 
the switching elements Ql and Q4 are ON and the switching elements Q2 
and Q3 are OFF, and a subsequent period is set such that the switching 
elements Ql and Q4 are OFF and the switching elements Q2 and Q3 are 
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ON, and these periods are alternated at the low frequency. A signal to 
notify the timing of the alternation is input to the inverter drive unit 3 from 
an alternation signal generation unit (which will be described later). 

Reference character La designates the discharge lamp which is a 
metal halide lamp used as a car headlight and the like. The type of the 
discharge lamp may be not only a mercury type which is commercially 
produced at present but also a non-mercury type of a high-voltage metal 
halide lamp for a car headlight, which is currently developed. 

Reference numeral 4 designates an igniter which receives the output 
voltage from the low-frequency inverter 2 and generates a high-voltage 
pulse (20kV0-p or more, for example) to be appUed to the discharge lamp La 
in a period (i.e., no-load period) before the discharge lamp La is actuated to 
be turned on. When the high-voltage pulse is applied, dielectric breakdown 
of the discharge lamp La is done so that the lamp is actuated to be turned 
on. Although the power supply for the igniter 4 is provided from the output 
of the low-frequency inverter 2 here, the power supply may be applied from 
other than that. For example, a tertiary winding is provided in the 
transformer Tf of tiie DC-DC converter 1 and its output may be rectified and 
smoothed to be used as the power supply for the igniter 4. 

Reference numeral 6 designates a lamp voltage detection unit which 
detects a voltage value corresponding to a lamp (discharge lamp) voltage. In 
the iUustirated circuit, the value corresponding to the lamp voltage is 
detected by detecting the output voltage of tiie DC-DC converi^er 1. However, 
another detection method may be used. In addition, according to this 
embodiment, since the lamp voltage detection unit 6 is of a negative 



wo 2005/064997 



PCT/JP2004/019697 



13 



potential detection type, it comprises an inversion amplification drcnit and 

the like (not shown). 

Reference numeral 7 designates a lamp current detection unit which 
detects a current value corresponding to a lamp (discharge lamp) current. 
According to the illustrated circuit, an output current of the DC-DC 
converter 1 is detected as the value corresponding to the lamp current value 
via a resistance Rl for detection. However, anotiier detection method may 
be used. In addition, according to this embodiment, since the lamp current 
detection unit 7 is of a negative potential detection type, it comprises an 
inversion amplification circuit and the Kke (not shown). 

Reference numeral 10 designates an initial lamp state detection unit 
(designated as "ILS DETECTION UNIT" in the drawings) which outputs a 
value indicative of an arc tube temperatiwe of the discharge, lamp in the no- 
load period when and before the discharge lamp is actuated. For example, it 
may be an initial lamp state simulated detection circuit which is a time 
constant circuit comprising a resistance and a capacitor. The capacitor (not 
shown) is charged at a first time constant after the lamp is actixated. and 
the capacitor is discharged at a second time constant when the lamp is 
turned off. The voltage of the capacitor when and before the lamp is 
activated is ouiput as that of an initial lamp state. In a case of a so-called 
cold start state afi;er the discharge lamp is OFF for a long period, a smaH 
value (or zero) of the voltage of the capacitor is output, and in a case of a so- 
called hot restart state just after a Hght-on state is tiimed off. as its light-off 
period is shorter, a larger value is output fiom the initial lamp state 
detection xinit 10. 
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Reference numeral 11 designates a target power setting unit whicli 
sets a target power to be suppUed to the discharge lamp. In a case where it 
is necessary to start the lamp actuation in a short time after the discharge 
lamp is actuated such as a case of a car headlight, the target power is set 
such that a high power higher than a rated power (two times or more, for 
example) is supplied to the discharge lamp for several seconds after the 
actuation. Then, the power suppUed to the discharge lamp graduaUy 
approximates to the rated power (35W, for example). In addition, the target 
power is set depending on the lamp state output from the initial lamp state 
detection unit 10 such that, in the case of the cold start, a high power is 
suppUed at the time of starting the lamp actiiation, and in the case of the 
hot restart, the supply power at the time of starting the lamp actuation 
more closely approximates to the rated power as the Ughfoff period is 
shorter. For example, as shown in Fig. 2, the target power value is set 
depending on an elapsed time after the start of the lamp actiiation, and tiie 
target power value is not set at the elapsed time 0 but set in a middle of the 
elapsed time in the case of the hot restart operation. 

Reference numeral 12 designates a target current calculation unit 
which calculates and outputs a target current based on the outputs from the 
target power setting unit 11 and tiie lamp voltage detection unit 6. 
Basically, the output from the target current calculation unit 12 is obtained 
as a value provided by dividing the output value from the target power 
setting unit 11 by the output value from the lamp voltage detection unit 6. 

Reference numeral 13 designates an error calculation unit, reference 
numeral 9 designates a PWM drive unit. An output value from the lamp 
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current detection imit 7 is compared (error calculation) with an output value 
of the target current calculation unit 12 in the error calculation unit 13, and 
the PWM drive unit 9 drives the switching element QO of the DC-DC 
converter 1 according to the error calculation result. An output 
corresponding to the output value of the target current calculation unit 12 is 
supplied to the discharge lamp La by adjusting tiie on-duty of the switching 
operation of the switching element QO. However, the contarol method of the 
output to be supplied to the lamp may be a method other than the PWM 
control. 

Reference numeral 14 designates an alternation signal generation 
unit (designated as "AS GENERATION UNIT" in tiie drawings) which 
outputs an alternation timing signal to the inverter drive unit 3 to notifj. the 
timing of alternating an output polarity in the low-frequency inverter 2. 

Reference numeral 15 designates an electrode heating period setting 
unit (designated as "EHP SETTING UNIT" in tiie drawings) which counts 
the number of the output times of the alternation signal generation unit 14. 
When the output polarity is alternated predetermined number of times 
(which the predetermined number of times is determined by the electrode 
heating period setting unit 15) after the start of the discharge lamp 
actixation, the electarode heating period setting unit 15 switches the signal 
input connection of the alternation signal generation unit 14 from a 
comparator 19 (to be described later) to a steady alternation time definition 
imit 16. 

Reference numeral 16 designates the steady alternation time 
definition unit (designated as "SAT DEFINITION UNIT" in the drawings) 
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which defines. an output alternation time after the electrode heating period. 
Thus, a Hghting frequency of rectangular-wave Hghting of the discharge 
lamp is determined. For example, the steady alternation time is set so that 
the lighting frequency may hecome about 400Hz. 

Reference numeral 17 designates a lamp current accumulation unit 
which accumulates the outputs of the lamp current detection unit 7 with 

respect to a time lapse. 

Reference numeral 18 designates a target current accumulated value 
setting unit (designated as "TCAVSETTING UNIT" in the drawings) which 
sets and outputs a target value of a current accumulated value of a lamp 
current (which is an output of the lamp current detection unit 7 in this 
example) until the alternation to determine the alternation timing in the 
electrode heating period after the start of the discharge lamp actuation. 

Reference numeral 19 designates a comparator which compares an 
output of the lamp current detection unit 17 with an output of the target 
current accumulated value setting unit 18. When the output of the lamp 
current detection unit 17 exceeds the output of the target current 
accumulated value setting unit 18, the comparator outputs a timing signal 
to notify the timing of the alternation to the alternation signal generation 
unit 14. In the electrode heating period, the alternation signal generation 
unit 14 receives the alternation timing signal and outputs the alternation 
command signal to the inverter drive unit 3 so that the output polarity is 
alternated in the inverter 2. At this time, the accumulated value of the 
lamp current accumulation unit 17 is reset by the signal from the 
alternation signal generation unit 14 and the same operations are 
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contdnuousLy repeated thereafter. 

Through the above operations, an alternated voltage and an 
alternated current outputted of the inverter after the start of the discharge 
lamp actuation are obtained as shown in Fig. 3. In this example, the 
number of alternations of the output polarity in the electrode heating period 
is set at two in the illustrated embodiment, and an accumulated current 
value corresponds to ah area of a current in a half cycle in the figure, and 
the accumulated value of the current with respect to a tune lapse at each 
polarity in the electrode heating period becomes a target current 
accumulated value determined by the target current accumulated value 
setting unit 18. 

Meanwhile, the output voltage of the inverter 2 is controlled so as to 
be maintained constant in a no-load period before the start of the discharge 
lamp actuation. More spedfically, the output voltage (no-load voltage) of 
the inerter 2 before the discharge lamp actuation is controUed so as to be 
maintained at a predetermined voltage level by comparing the output of the 
lamp voltage detection unit 6 with a predetermined value in a comparator 
(not shown). When the output value of the lamp voltage detection unit 6 
exceeds the predetermined value, the output signal from the PWM drive 
unit 9 is shut down or set to approximately equal to zero. Thus, in a 
hghting apparatus for a car headHght, the no-load voltage output of the 
inverter is set at about 400V, for example. 

Reference numeral 20 designates an input voltage detection unit 
which detects a voltage input to the DC-DC converter 1 from the power 
supply E, which constitutes to a power supply voltage detection unit defined 
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in the aspect of claim 4. 

The target power setting unit 11 receives an output of the input 
voltage detection unit 20 and sets an upper limit value in setting the target 
power, and when the input voltage is lowered, the target power setting unit 
11 limits the output power so as not to set the target value greater than the 
upper limit value, as shown in Figs. 4A and 4B. That is, in order to prevent 
power supply chattering and element stress, when the input voltage is lower 
than a normal voltage (such as 10 to 16V in the case of the car battery, for 
example), the output power of the inverter after the discharge lamp 
actuation is lowered with respect to that in the normal input voltage 
operation. 

The target current accumulated value setting unit 18 receives the 
input voltage detection value output of the input voltage detection unit 20 
and varies the accumulated value of the target lamp current. As shown in 
Figs. 4C and 4D, the accumulated value of the target lamp current is varied 
when the input voltage is lowered than a degree of lowering the target 
output power by the target power setting unit 11. Thus, when the input 
voltage is lowered, the target lamp current accumulated value is set so as to 
be greater than the normal value. For example, in the case of a non- 
mercury metal haUde lamp for the car headlight, the target lamp current 
accumulated value is set at 50mAs in general and when the input voltage is 
lowered to lOV or less, the target lamp current accumulate value is set at 
lOOmAs. This set value is merely an example and the present invention is 

not limited to this. 

In the above constitution and operation, when the input voltage is 
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lowered and the output power is reduced, the alternation time is increased 
by setting the lamp current accumulated value to be a greater value in the 
electrode heating period. Thus, insufficiency of electrode heating for the 
discharge lamp because of the output power reduction can be eliminated, 
5 and even when the input voltage is lowered, the discharge lamp can be 
surely actuated to be turned on. In addition, when the input voltage is at 
the normal value, the alternation time is not unnecessarily increased and 
there is no problem such that the life of the discharge lamp is reduced. 

Moreover, as shown in Fig. 4D, the target lamp current accumulated 
L 0 value may be set at a greater value as the input voltage becomes lower. 

According to the above constitution and the operation, in the case 
where the input voltage is lowered and the output power is reduced, the 
alternation time is more appropriately set according to the degree of the 
reduction. Thus, even when the input voltage is reduced, the discharge 
1 5 lamp can be surely actuated to be turned on and the problem such that the 
life of the discharge lamp is reduced can be eliminated. 

Embodiment 2 

Fig. 5 is a circuit diagram showing a second embodiment 2 of a 
20 discharge lamp lighting apparatus according to the present invention. In 
this embodiment, an alternation signal generation unit 14 receives an 
output of an input voltage detection unit 20 and when the input voltage is 
lowered, generation of an alternation signal is delayed by a predetermined 
time. Similar to the embodiment 1, the predetermined delay time may be 
25 changed step by step according to the lowering of the input voltage, or the 
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predetermined delay time may be gradually elongated as the input voltage 
becomes lower. 

According to the above constitution and the operations, the 
alternation time is not set by a lamp current accumulated value for an 
electrode heating period (although it is not shown), and there is a merit in 
which apphcation is easy even when the alternation time is set depending 
on an output of an initial lamp state detection unit 10, for example. 

Meanwhile, although an output of a target current calculation unit 12 
is input to a lamp current accumulation unit 17 in this embodiment, the 
same effect can be obtained in even the case where the output of the lamp 
current detection unit 7 as shown in Fig. 1 is apphed as an input to the 
lamp current accumulation unit 17 in the present invention. 

In addition, although it is not shown, even when not a target power 
value but a target current value is reduced according to the lowering of the 
15 input voltage, the present invention described in the embodiments 1 and 2 
can be applied. 

Embodiment 3 

Fig. 6 is a circuit diagram showing an embodiment 3. The same 
2 0 reference numerals and signs are aUotted to the same components as in the 
embodiment 1 shown in Fig 1 and the descriptions thereof are omitted and 
only difference points will be described. As shown in Fig. 6, a temperature 
detection unit 21 detects a temperature of a lighting apparatus. For 
example, a thermistor is used for detecting a temperature of a portion on a 
25 mounting substrate. A target power setting unit 11 receives a detected 



wo 2005/064997 



PCT/JP2004/019697 



temperature value output of the temperature detection unit 21 and sets an 
upper limit in setting a target power. Thus, when the temperature is high, 
the target power setting unit 11 sets the target value so as not to be greater 
than the upper limit in order to Umit an output power. That is, in order to 
5 prevent element stress, when the detection temperature becomes higher 
than a normal temperature (1.0., an upper hmit is 105°C, for example), the 
output power after a discharge lamp actuation is lowered as compared with 
the normal temperature operation. 

A target current accumulated value setting unit 18 also receives an 

10 output of the temperature detection unit 21 and varies a target current 
acciunulated value of a lamp current. The target lamp current accumulated 
value is varied by the target current accumulated value setting unit 18 
when the temperature rises more than a degree that the output power can 
be lowered by the target power setting tinit 11. When the temperature rises 

15 more than the above degree, the target lamp cvirrent accumulated value is 
varied and set to be greater than usual. For example, in the case of using a 
non-mercury metal hahde lamp for a car headlight, the target lamp ciirrent 
accumulated value is usually set at 50mAs, and when the temperature rises 
up to lOS'^C or more, the target lamp cxirrent accumulated value is set at 

20 lOOmAs. 

In addition, similar to the embodiment 1, the target lamp current 
accumulated value may be set to be a greater value as the temperature rise 
greater. 

In the above constitution and operation, when the temperature of the 
25 lighting apparatus rises and the output power is reduced, the alternation 
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time in the electrode heating period is increased by setting the lamp current 
accumulated value to be greater. Thus, insufficiency of electrode heating for 
the discharge lamp because of the output power reduction can be prevented, 
and even when the temperature rises above the degree, the discharge lamp 
can be surely actuated to be turned on. In addition, when the temperature 
is at the normal level, the alternation time in the electrode heating period is 
not unnecessarily increased and there is no problem such that the life of the 

discharge lamp is reduced. 

Furthermore, it is noted that, if an alternation signal generation unit 
14 directly receives an output of the temperature detection unit 21 and 
detects a temperature rise (although not shown), generation of the 
alternation signal by the alternation signal generation unit 14 can be 
delayed by a predetermined time in a similar manner to the embodiment 2. 
In this case, the same effect as in the embodiment 2 can be obtained. 

Embodiment 4 

Fig. 7 is a circuit diagram showing an embodiment 4. The same 
reference numerals and signs are aUotted to the same components as in the 
embodiment 1 shown in Fig 1 and their descriptions are omitted and only 
difference points wiH be described. A predetermined value setting unit 22 
for determining the output lowering (which is designated as "OLDV 
SETTING UNIT" in the drawings) sets a predetermined value for 
determining lowering of an output current for the discharge lamp. The 
predetermined value set by the predetermined value setting unit 22 is 
applied to a comparator 23, and the comparator 23 compares the value with 
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a current detpction value (corresponding to a lamp current value) output 
from a lamp current detection unit 7. When the lamp current value is lower 
than the predetermined value, the comparator 23 outputs the comparison 
result to a target current accumulated value setting unit 18 so as to increase 

5 a target current accumulated value. 

The predetermined value setting unit 22 sets the predetermined 
value depending on an initial lamp state output from an initial lamp state 
detection unit 10, and the predetermined value is set to be a greater value 
as an arc tube temperature of the discharge lamp when starting actuation is 

10 lower. 

Furthermore, when a command such that the target current 
accumulated value is to be increased is sent from the comparator 23 to the 
target current accumulated value setting unit 18, the target current 
accumulated value setting unit 18 sets the target current accumulated value 
1 5 according to the initial lamp state output of the initial lamp state detection 
unit 10, and the target current accumulated value is set to be a greater 
value as the arc tube temperature of the discharge lamp at the time of 
starting actuation is lower. 

In the above constitution and operations, even when the output power 
2 0 for the discharge lamp is lowered because the input voltage is lowered or the 
apparatus temperature rises, or when the output is lowered for some reason, 
for example, in a case where the lamp current is lowered because of 
characteristics of the discharge lamp, the alternation time of the output 
power in the electrode heating period is set longer than usual. Thus, the 
25 insufaciency of heating for the electrode can be ehminated and the 
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discharge lamp can be surely actuated to be turned on. In addition, since 
the predetermined value for determining the output lowering is varied 
according to the state of the discharge lamp at the time of actuation start, 
the output lowering can be surely determined by acquiring the difference in 
5 the output state from the usual starting, regardless of the initial state of the 
discharge lamp at the time of starting actuation. Furthermore, since the 
target current accumulated value is set according to the state of the 
discharge lamp at the time of starting actuation, an electrode heating 
amount in the electrode heatLag period can be set more appropriately, and 
10 the discharge lamp can be surely actuated to be turned on without affecting 
on the life of the discharge lamp. 

Embodiment 5 

Fig. 8 is a circuit diagram showing an embodiment 5. Only difference 
15 points from the embodiment 4 will be described. A lamp power calculation 
imit 24 multiplies an output of a lamp voltage detection unit 6 and an 
output of a lamp current detection unit 7 to provide a value corresponding to 
a lamp power and the calculated lamp power is suppHed to an error 
calculation xmit 13. The error calculation unit 13 compares a target power 
20 value output from a target power setting imit 11 with the lamp power 
output from the lamp power calculation unit 24, and the error calculation 
resxilt is apphed to a PWM drive unit 9. Thus, switching control of a DC-DC 
converter 1 is- performed so that the lamp power may become the target 
power. 

25 A predetermined value setting unit 22 for determining output 
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lowering sets a predetermined value to determine the lowering of the output 
power, and a comparator 23 compares the predetermined value with the 
lamp power calculated by the lamp power calculation unit 24. When it is 
determined that the lamp power is lower than the predetermined value, a 
command is applied to a target current accumulated value setting unit 18 
such that a target current accumulated value is to be increased. 

In the above constitution and the operations, since the lowering of the 
output power is directiy observed, it can be surely determined whether the 
output power is lowered without being influenced by variation of the 
discharge lamp, and insufficiency of heating for the electrode because of the 
lowering of the output power can be eliminated. 

Embodiment 6 

Big. 9 is a circuit diagram showing an embodiment 6. This 
embodiment is different from the embodiment 4 in providing a comparison 
start determination unit 25. The comparison start determination unit 25 
receives a target current accumulated value increase command signal which 
is an output of a comparator 23 and a lamp current accumulated value 
which is an output of a lamp current accumulation unit 17. The comparator 
23 compares a lamp current value output from a lamp current detection unit 
7 with a predetermined value for determining output lowering which is an 
output of a predetermined value setting unit 22. 

A filtered target current accumulated value increase command signal 
which is an output of the comparison start determination unit 25 is appHed 
to a target current accumulated value setting unit 18. Upon receipt of the 
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filtered target, current accumulated value increase command signal, the 
target current accumulated value setting unit 18 increases a target current 
accumulated value. 

The comparison start determination unit 25 filters (i.e., masks) the 
target cujrrent accumulated value increase command signal apphed firom the 
comparator 23 until the lamp current acctunulated value becomes a 
predetermined lamp current acciunulated value. 

Thus, as shown in Fig. 10, even when the lamp current value is 
smaller than the predetermined value for determining the output lowering 
as shown by a waveform B, since the lamp current accumulated value does 
not become the predetermined value at that time, the target current 
accumulated value is not increased in the embodiment 6. Whereas, in the 
embodiment 4 shown in Fig. 7, when it is detected that the lamp current is 
smaller than the predetermined value for determining the output lowering 
as shown by a waveform A, the target current accumulated value is 
increased. 

The lamp cxirfent is unstable in an initial stage of lighting or just 
after an output polarity is inverted by a low"fi:equency inverter. Therefore, 
there is a case where the target current accumulated value is erroneously 
increased when detecting the lowering of the imstable lamp current in the 
embodiment 4. In contrast, according to the embodiment 6 shown in Fig. 9, 
since the increase in target current accumulated value is not determined 
until the lamp current accimiulated value reaches the predetermined value, 
the above unnecessary increase in the target current accumulated value can 
be prevented and an influence on the life can be reduced. 
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In addition, although the comparison start determination unit 25 
filters the target current accumulated value increase command signal until 
the lamp current accumulated value becomes the predetermined lamp 
current accumulated value in this embodiment, the same effect can be 
obtained even when filtering the target current accumulated value increase 
command signal for a predetermined time after inversion. 

Embodiment 7 

Fig. 11 is a drcuit diagram showing an embodiment 7 of the present 
invention. This embodiment is different firom the embodiment 4 in 
providing a time measurement unit 26. The time measurement unit 26 
receives a target current accumulated value increase command signal which 
is an output of a comparator 23. The comparator 23 compares a lamp 
current value which is an output of a lamp current detection unit 7 with a 
predetermined value for determining output lowering which is an output of 
a predetermined value setting xmit 22. 

The time measurement unit 26 outputs a continuity-confixmed target 
current accumulated value increase command signal to be appUed to a 
target current accumulated value setting unit 18. Upon receipt of the 
continuity-confirmed target current accumulated value increase command 
signal, the target current accumulated value setting unit 18 increases a 
target current accumidated value. 

After the time measurement unit 26 receives the target current 
accximulated value increase command signal from the comparator 23 
showing that the lamp current is smaller than the predetermined value for 
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determimng the output lowering, the time measurement unit 26 starts the 
time measurement. Then, when the target current acctimulated value 
increase command signal is continuously supphed and the time 
measurement value exceeds a predetermined time, the continuity-confirmed 
target current accumulated value increase signal is output from the time 
measurement unit 26 and apphed to the target current accumulated value . 
setting unit 18. However, when the lamp current value exceeds the 
predetermined value for determining the output lowering in the process of 
the time measurement and there is no target current accumulated value 
increase command signal any more, the measured time is cleared. 

Figs. 12A, 12B and 12C show views for explaining the operations. 
According to the embodiment 4 shown in Fig. 7, as shown by a waveform A 
in Fig. 12A, when it is detected that the lamp current becomes smaller than 
a predetermined value Ith for determining the output lowering, the target 
current accumulated value is increased. Meanwhile, according to the 
embodiment 7 shown in Fig. 11, as shown by a waveform B in Fig. 12B, in 
the case where the time period when the lamp current value becomes 
smaller than the predetermined value for determining the output lowering 
is shorter than the predetermined time, the target cxirrent accumulated 
value is not increased. In addition, as shown by a waveform C in Fig. 12C, 
in a case where the time period when the lamp ciirrent value becomes 
smaller than the predetermined value for determining the output lowering 
becomes longer than the predetermined time, the target current 
accimiulated value is increased. 

The lamp current detection value is changed by a noise and the hke 
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in some cases. According to the emhodiment 4 shown in Fig. 7, the target 
current accumulated value is increased when the lamp current value 
instantaneously becomes smaller than the predetermined value for 
determining the output lowering because of the noise and the like. 
Meanwhile, by the operations of this embodiment 7, the above unnecessary 
increase of the target current accumulated value can be prevented and an 
influence on the life of the discharge lamp can be reduced. 
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Embodiment 8 

Fig. 13 is a circuit diagram showing an embodiment 8. Although the 
time measurement unit 26 outputs the continuity-confirmed target current 
accumulated value increase command signal to be applied to the target 
current accumulated value setting unit 18 in the embodiment 7, according 
to the embodiment 8 as shown in Fig. 13, an inversion delay signal is output 
from the time measurement unit 26 and applied to a signal delay timer 27 
which is provided at a subsequent stage of an alternation signal generation 
unit 14. When the signal delay timer 27 receives tiie inversion delay signal, 
it delays an alternation signal output from the alternation signal generation 
unit 14 by a predetermined time. 

Figs. 14A and 14B show views for e3q?laining the operations. 
According to the embodiment 7, in the case where the time period when the 
lamp current value is smaller than tiie predetermine value for determining 
the output lowering becomes longer than the predetermined time, the target 
current accumulated value is increased as shown by the waveform C. 
Meanwhile, according to the embodiment 8, since the alternation signal is 
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delayed by the signal delay timer 27 by the pred«termined time as shown by 
a waveform C, almost the same effect can be obtained as the case where the 
target current accumiilated value is increased. 

Embodiment 9 

Fig. 15 is a circuit diagram showing an embodiment 9. Points 
different from the embodiment 4 shown in Fig. 7 will be described. First, 
there is provided a target power limit unit 11' which receives a target power 
value which is an output of a target power setting unit 11 and apphes a 
limited target power value to a target current calculation unit 12. The 
target power limit unit 11' limits the target power based on an input voltage 
value Ve- In addition, there is provided a target current limit unit 12' which 
receives a target current value which is an output of the target current 
calculation unit 12 and apphes a hmited target current value to an error 
calculation unit 13. The target current limit unit 12' limits the target 
current based on the received input voltage value Ve- An input voltage 
detection unit 20 is provided for detecting an input voltage and applying the 
input voltage value Ve to the target power limit unit 11', the target current 
limit unit 12' and the target current accumulated value setting unit 18. 

In addition, a comparison start determination unit 25 receives a 
target current accumulated value increase command signal which is an 
output of a comparator 23 and a lamp current accumulated value which is 
an output of a lamp current accumulation unit 17, and outputs a filtered 
target current acciunulated value increase command signal which is applied 
to a time measurement unit 26. Upon receipt of the filtered target current 
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accumulated value increase command signal, the time measurement unit 26 
outputs a filtered and continuity-confirmed target current accumulated 
value signal to be applied to the target current accumulated value setting 
unit 18. A target current accumulated value increase dear signal is output 
feom an alternation ^gnal generation unit 14 and applied to the target 
current accumxilated value setting unit 18. 

The operations of the respective constitutions will be described 
hereinafter. The input voltage detection unit 20 reads an input voltage and 
outputs the input voltage value Ve. The target current hmit unit 12' reads 
the input voltage value Vb which is an output of the input voltage detection 
unit 20 and sets a maximum target current value corresponding to that 
value and limits the target current value so as to be below the maximum 
target current value. The target power limit unit 11' reads the input voltage 
value Ve which is the output of the input voltage detection unit 20 and sets 
a maximum target power value corresponding to that value and limits the 
target power value so as to be below the maximum target power value. 

The comparison start determination unit 25 filters (or masks) the 
target current accumulated value increase command signal which is the 
output from the comparator 23 untQ tiie lamp current accumulated value 
becomes the predetermined lamp current accumulated value, and when the 
target current accumulated value increase command signal is input after 
the lamp current accumulated value exceeds the predetermined value, the 
comparison start determination unit 25 outputs the filtered target current 
accumulated value increase command signal. The time measurement unit 
26 starts the time measurement after the filtered target current 
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accumulated value increase command signal is input from the comparison 
start determination unit 25. Then, when the filtered target current 
accumulated value increase command signal is continuously output and the 
time measurement value exceeds the predetermined time, the time 
5 measurement unit 26 outputs the filtered and continuity-confirmed target 
current accumulated value increase signal to be apphed to the target 
current accumulated value setting unit 18. However, when the filtered 
target current accumulated value increase command signal disappears in 
the process of the time measurement, the time measurement value is 
0 cleared and when the filtered target current accumulated value increase 
command signal is input again, the time count is started from zero. 

The altfemation signal generation unit 14 outputs the inversion signal 
to an inverter drive unit 3 and at the same time, outputs the target current 
accumulated value increase dear signal to the target current accumulated 
. 5 value setting unit 18. The target current accumulated value setting unit 18 
compares a target current accumulated value UP amount 1 decided 
depending on the input voltage value Vb, a target current accumulated 
value UP amount 2 determined by the filtered target current accumulated 
value increase command signal, and the maximum value of the target 
20 current accumulated value UP amounts 1 and 2, and then stores the 
maximum value and adds the maximum value to the target current 
accumulated value. Upon receipt of the target current accumulated value 
increase dear signal, the target current accumulated value setting unit 18 
clears the stored and added target current accumulated value UP amounts. 
25 Thus, the target current accumulated value UP amount is calculated each 
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time the polarity is inverted. 

Although the target current accumulated value is increased 
separately when the input voltage is low and when the lamp current is 
lowered in the embodiments 1 to 8, an optimal control can be performed by 
acquiring the maximum value of an increased value of each target current 
accumulated value in this embodiment. In addition, the target current 
accumulated value UP amount can be set each time the polarity is inverted 
by clearing tlie target current accumulated value UP amount each time the 
polarity is inverted. As a result, the target current accumulated value can 
be prevented from being unnecessarily increased and the influence on tiie 
life of the discharge lamp can be reduced. 

Embodiment 10 

Figs. 16 and 17 show flowcharts when the embodiment 9 is 
implemented using a microcomputer. In Pigs. 16 and 17, a process at a part 
surrounded by a doted line in Fig. 15 is implemented by a program of the 
microcomputer. The flowcharts show a flow from a state of a lamp not being 
turned on to a state of the lamp being tinmed on. Hereinafter, eadi flow 

diart will be described. 

Steps #1 to #6 in Fig. 16 show feom the initial setting process before 
the lamp is tiimed on to a no-load operation process. After the lamp is 
turned on. a loop of #7 to #25 is repeated and steps of #51 to #68 shown in 
Fig. 17 are carried out as an interrupt at regular time intervals. 

The microcomputer is initialized at step #1 and data of a lamp state is 
read at step #2. A predetermined current value for determining output 
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lowering is set depending on the lamp state at step #3. Fig. 18 shows an 
example of a setting table. As a lamp temperature becomes higher, the 
predetermined value for determining tke output lowering is set so as to be 
smaUer. A target current accumulated value is set at step #4. Unloaded 
switching is set at step #5. and ON/OFF of the lamp is determined at step 
#6 and the no-load operations are repeated unta the lamp is turned on. The 
ON/OFF is determined when a lamp voltage is lowered or a lamp current is 
increased. 

When the discharge lamp is turned on, a target power value (refer to 
Fig. 2) is set with respect to an elapsed Hghting time at step #7 as described 
in the fundamental operations in the embodiment 1. The target power 
value is limited depending on an input voltage value and a limited target 
power value is set at step #8. The hmited target power value is divided by a 
lamp voltage value to calculate a target current value at step #9. The target 
current value is limited depending on the input voltage value and a hmited 
target current value is set at step #10. 

It is determined whether the operation is stopped by determination of 
power supply OFF or lamp OFF at step #11, and the operation is stopped as 

needed at step #12. 

At step #13, it is determined how much the target current 
accumulated value is increased depending on a power supply voltage and a 
target current accumulated value UP amount 1 is set. Fig. 19A shows an 
example of a setting table. When tiie power supply voltage is high, the 
target current accumulated value UP amount 1 is set at 0, and as the power 
supply voltage becomes low, the target current accumulated value UP 
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amount 1 is increased. 

At step #14, the current accumulated value is compared with the 
predetermined current accumulated value, and when the current 
accumulated value is smaller than the predetermined current accumulated 
value, subsequent steps #15 to #19 (steps of setting a target current 
accumulated value UP amount 2 because of the lamp current being lowered) 
are skipped. 

At step #15, the lamp current value is compared with the 
predetermined value for determining the output lowering and when the 
lamp current > the predetermined value for determining the output 
lowering, the operation is moved to step #16. When the lamp current < the 
predetermined value for determining the output lowering, the operation is 
moved to step #17. At step #16, a low-current counter is cleared each time 
when the lamp current > the predetermined value for determiniag the 
output lowering. The low-current counter is a counter to measure a current 
lowered time, and at step #17, the low-current counter for measuring the 
current lowered time is incremented. When the low-current counter exceeds 
the predetermined value at step #18, the operation is moved to step #19. 
That is, when the state in which the lamp current < the predetermined 
value for determining the output lowering is continued for a predetermined 
time, the operation is moved to step #19. At step #19, the target current 
accumulated value UP amount 2 is set. 

At step #20, the target current accumulated value is reset as an 
increased value from the value set at step #4. An amount to be increased is 
the maximum value of the previous increased amount and the target 
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current accumulated value UP amoxmts 1 and 2: 

Fig. 19B shows an example of how to decide the target current 
accumulated value UP amount. It is assumed that the target current 
accumulated value UP amount 1 depending on the power supply voltage is 
the same as in Fig. 19A and the target current accumulated value UP 
amount 2 because of the lamp current lowering is a constant value. In this 
assumption, after the lamp current lowering is detected, if the power supply 
voltage is lowered, a value shown by a thick sohd hne in Fig 19B is used as 
the target current accumulated value UP amount. 

At step #21, the current accumulated value and the target current 
accumulated value are compared, and when the current accumulated value 
is more than the target current accumulated value, the operation is moved 
to step #22 to estabhsh an alternation flag. If the alternation flag is 
estabhshed at the time of interruption at steps #51 to #68, the alternation 

15 signal is generated. 

At step #23, the current accumulated value is cleared. That is, when 
the electarode heating period is continued, accumulation is started from 0 
again. At step #24, the target current accumulated value UP amounts 1 and 
2 are cleared. At step #25, the present target current accumulated value UP 
amount is cleared. Thus, after the polarity is inverted, the power supply 
voltage is returned and when the lamp current becomes more than the 
predetermined value for determining the output lowering, the target current 
accumulated value is not increased at the next time of polarity inversion. 

At step #51 in Fig. 17, a time is counted by counting the number of 
25 times of generations of the interruption. That is, tiie time after tiie lighting 



20 



wo 2005/064997 



PCT/JP2004/019697 



37 

is started is measured using the interruption provided at regular time 
intervals. At step #52, it is determined whether the current state is in the 
electrode heating period or not. In the case of the electrode heating period, 
the operation is moved to step #53 and in the case of not the electrode 
heating period, the operation is moved to step #63. More spedficaUy, since 
the niunber of inversion times for the electrode heating period is counted, 
the determination is performed by comparing that value with the 

predetermined value. 

At steps #53 to #55, the lamp voltage, the lamp current and the power 
supply voltage are read. At step #56, the current value is accumulated. At 
step #57, the alternation flag set at step #22 is determined. When the 
alternation flag is standing, the alternation signal is generated at step #58 
and the niimber of alternations is counted at step #59 and the alternation 
flag is cleared at step #60. At step #61, an error calculation is performed by 
comparing the limited target current value with the lamp cxirrent value, and 
a signal for driving the DC-DC converter is output. 

At steps #63 to #65, the lamp voltage, the lamp current and the power 
supply voltage are read. At step #66, it is determined whether the polarity 
is inverted or not by the time count value, and when the predetermined time 
elapsed, the alternation signal is output at step #67. At step #68, an error 
calculation is performed by comparing the limited target current value with 
the lamp current value, and a signal for driving the DC-DC converter is 
output. 

Fig- 20 shows an example of a variation of the target current 
accumulated value according to this embodiment. Timings a to h in the Fig. 
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20 and the variation of the target current accumulated value during the 
timings wUl be described. In a period from the lighting to the timing a, even 
when it is detected that the lamp current is low, since it is filtered, only the 
target current accumulated value UP amount 1 because of the power supply 
voltage is varied. However^ since the power supply voltage is not lowered, 
there is no variation after the initial setting to #4). 

At the timing a, the current accumulated value reaches the 
predetermined current accumulated value (#14). In the period from the 
timings a to b, although the power supply voltage is lowered, since the 
target current accumulated value is 0. there is no variation. At the timing b, 
the target current accumulated value UP amount 1 starts to be increased 
because the power supply voltage is lowered. In the period from the timings 
b to c, the target current accumulated value is increased depending on the 
input voltage. 

At the timing c, the lamp current value is lower than the 
predetermined current value for determining the output lowering. In the 
period from the timings c to d, although the lamp current is lower than the 
predetermined current value for determining the output lowering, since it is 
not continued the predetermined number of times, the target current 
accumulated value is increased depending on the input voltage. At the 
timing d, the target current accumulated value UP amount 2 is set because 
the lamp current lowering is continued the predetermined number of times. 

In the period from the timings d to e, although the target current 
accumulated value UP amount 1 is increased depending on the power 
supply voltage, since the target current accumulated value UP amount 2 is 
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greater, tlie target current accumulated value UP amount 1 is increased. At 
the timing e, the target current accumulated value UP amount 1 because of 
the input voltage is greater than the target current accumulated value UP 
amount 2. In the period from the timings e to f , the target current 
accumxilated value is increased depending on the input voltage. At the 
timing f, the target current accumulated value UP amount 1 because of the 
input voltage is lowered because the input voltage is increased. In the 
period from the timings f to g, the target current accumulated value once 
increased is maintained without lowering. 

At the timing g, the lamp current is increased also and the target 
current accumulated value UP amount 2 is also lowered. In the period from 
the timings g to h, the once increased target current accumulated value is 
maintained without lowering. At the timing h, although a inversion order is 
to be output if the target current accumulated value is not increased, since 
the target current accumulated value is increased, the inversion order is not 
output. In the period from the timing h to i, once increased target current 
accumulated value is maintained without lowering. At the timing i, since 
the current accumulated value reaches the target current accumulated 
value, the conversion order is output. 

Embodiment 11 

Fig. 21 shows a flowchart according to an embodiment 11. According 
to the embodiment 11, the curve which decides the target current 
accumulated value UP amount 1 depending on the power supply voltage in 
the embodiment 10 is deleted and the target current accumulated value is 
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binarized such, that it is increased or not by the predetermined input voltage. 
Then, it is set such that it is increased by the same amount as the target 
current accumvilated value UP amount when the lamp current is lowered, so 
that the control is performed by increasing the target current accumulated 
value or not. In addition, once the target ciirrent accumulated value is set 
so as to be increased, the target current accumulated value is controlled so 
as to be increased after that. As described above, the control can be 
simplified, and once the target cxirrent accumulated value is increased, the 
control is performed so that the target cvirrent accumulated value is 
increased after that. By this arrangement, the inarease of the target 
current accumulated value only ia one direction of the discharging is 
prevented, and therefore only one side of the electrode is prevented from 
being shortened. Thus, the both sides of the electrode can be equally 
decreased. 

Fig. 21 shows a flowchart showing an essential part of the above 
control. In Fig. 21, only a part which is used instead of steps #13 to #25 in 
Fig. 16 is shown. That is, instead of the steps #13 to #25 in which the 
increase amount of the target current accumidated value is varied and the 
alternation flag is set by comparing with the current accumulated value in 
the flowchart shown in Pig. 16, a flag FLGJJP is set so as to determine 
whether the target crirrent accumulated value is increased or not by the 
facts that the input voltage is lower than the predetermined voltage and 
that the lamp current is lower than the predetermined current value for 
determining the output lowering. Then, the operation is moved to the loop 
in which the target current accxunulated value is increased by that flag. In 
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addition, once the flag is set, the above determination loop (steps #31 to #33) 
is skipped. 

The flow chart will be described in detail hereinafl;er. When the flag 
FLGJUP is set at step #30, steps #31 to #33 in which it is determined 
whether the flag FLGJUP is set or not are skipped and the operation is 
moved to step #34. When the input voltage becomes smaller than the 
predetermined input voltage at step #31, the flag FLGJUP is set at step #32. 
When the current accumiilated value becomes grater than the 
predetermined current acciimidated value at step #14, and when the 
number of times when the lamp current becomes smaller than the 
predetermined current value for determining the output lowering exceeds 
the predetermined number of times at step #15, the flag FLG_UP is set at 
step #33. When the flag FLGJJP is set at step #34, the operation is moved 
to step #35 in which the current accximulated value is determined using the 
increased target current accumulated value. When the current accxmiulated 
value is more than the target current accixmulated value or the increased 
target current accumulated value at steps #21 or #35, the alternation flag is 
set at step #22 and the current accumulated value is cleared at step #23. 

Embodiment 12 

Fig. 22 is a circuit diagram showing an embodiment 12. This 
embodiment is different &om the embodiment 4 shown in Fig. 7 merely in a 
point that, instead of the comparator 23 to compare the lamp current 
detection value with the predetermined value for determining the output 
lowering, an error amplifier 28 is used ia Fig. 22 for detecting a difference of 
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the value, so that a target current accumulated value (an increase amount 
of a current accumulated value) while the electrode is heated is determined 
based on the detected error difference value- 
Fig. 23A shows an operation waveform when the comparator 23 is 
used in Fig. 7 and Fig. 23B shows an operation waveform when the error 
amplifier 28 is used in Fig. 22. Although each shows the waveform of a 
lamp current (i.e., inverter output current) lout in a first electrode heating 
period (refer to Fig. 3), it may be apphed to a second or later electrode 
heating period. 

As shown in Fig. 23A, according to the embodiment 4 shown in Fig. 7, 
a predetermined value for determining output lowering (i.e., threshold value 
Ith) is provided in the lamp current lout in the electrode heating period and 
when the actual lamp current lout is not less than the threshold value Ith, 
the current accumulated value is increased by a predetermined value AATl. 
In Fig. 23A, it is assimied that an output current when the lamp current 
lout is greater than the threshold value Ith is loutl, and an output current 
when the lamp current lout is smaller than the threshold value Ith is Iout2. 
In addition, in the embodiment 4 shown in Fig. 7, the threshold value Ith is 
defined as "a predetermined value for determining the lowering of the 
output current". 

As shown in Fig. 23B, according to the embodiment 12 shown in Fig. 
22, it is detected that the actual lamp current lout is not less than the 
threshold value Ith and also a difference AI between the threshold value Ith 
and the actual lamp lout is detected and an increase amount AAT2 of the 
current accumulated value is varied by the amount AI. 



wo 2005/064997 



PCT/JP2004/019697 



43 

Therefore, instead of the comparator 23 for comparing the lamp 
current detection value and the predetermined value for deter minin g the 
output lowering CUJi in this case) shown in the embodiment 4 of Fig. 7, the 
error amplifier 28 for detecting the difference of the values is used to 
determine the target current accumulated value (i.e., the increase amount of 
the current accumulated value) in the electrode heating period based on the 
detected error difference amount in this embodiment 12 shown in Fig. 22. 

In Figs. 23A, it is noted here that the one dotted broken line shows 
the waveform of loutl when loutl > Ith, and the current accumulated value 
is calculated by a formula: loutl x t. Solid line shows the waveform of Iout2 
when Iout2 < Ith, and the ciirrent accumulated value is calculated by a 
formula: lout2 x (t + Atl) + AATl. Here, AATl is constant with respect to 
variation of Iout2, and Equation: loutl x t = Iout2 x (t + Atl) is formulated. 

In Figs. 23B, it is noted here that the one-dotted broken line shows 
the waveform of loutl when loutl > Ith, and the current accumulated value 
is calculated by a formula: loutl x t. Solid line shows the waveform of Iout2 
when Iout2 < Ith, and the current accumulated value is calculated by a 
formxda: Iout2 x (t + At2) + AAT2. Here, AAT2 is variable with respect to 
variation of AI, and Equation: loutl x t = Iout2 x (t + At2) is formulated. 

In general, it is known that, as the lamp current lout in the electrode 
heating period is lower, the electrode temperature of the discharge lamp 
does not sufEcientiy rise, so that the discharge lamp is likely to go off. 
According to the control in the embodiment 4 in Fig. 7, the increase amount 
AATl of the current accumulated value is constant both when the lamp lout 
is slightly lower than the threshold value Ith and when it is considerably 
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lower than the threshold value Ith. In this case/ when the lamp current lout 
is largely lower than the threshold value Ith, the discharge lamp may go off 
because of insufBLciency of the increase amount of the current accumulated 
value. 

5 Thus, according to the control in this embodiment 12 shown in Fig. 22, 

the electrode temperature of the discharge lamp can be surely increased 
even under the drcxmistances that the discharge lamp is likely to go off. As 
a result, the discharge lamp is prevented firom going off. 

In addition, as one example, although the AAT2 may be linearly 

1 0 increased according to the variation of the AI indicative of the difference 
between the threshold value Ith and the actual lamp lout as shown by a 
straight line Al in Fig. 23C, when the AAT2 is exponentially increased 
according to the variation of the AI as shown by a curved hne Bl in FLg. 23C, 
the discharge lamp can be more surely prevented from going off. 

15 However, as described above, if the current accumulated value is 

increased too much, since it could cause reduction of the life of the discharge 
lamp, the maximum value of the increase amount AAT2 of the current 
accumulated value is set so as not to affect on the hfe. 

Although the control is performed by the lout and Ith in this 

2 0 embodiment, the same control may be performed by replacing those with the 
lamp power calculated from the lamp current and the lamp voltage, together 
with the threshold value of the lamp power. 

Embodiment 13 

25 Fig. 24 is a circuit diagram showing an embodiment 13. This 
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embodiment is. different from the embodiment 12 shown in Fig. 22 only in a 
point that a current error accumtilation unit 29 is provided. Fig. 25A shows 
an operation waveform of the embodiment 13. Although the waveform 
shows the lamp current (i.e., inverter output cxirrent) lout in a first 
5 electrode heating period (refer to Fig. 3), it may be applied to a second or 
later electrode heating period. 

According to the embodiment 12, as shown in Fig. 23B, the increase 
amount AAT2 of the current accimiulated value is varied based on the 
difference AI between the threshold value Ith and the actual lamp current 

10 lout. Meanwhile, according to the embodiment 13, as show in Fig. 25A, an 
increase amount AAT3 of the current accumulated value is varied by a value 
J(AIn)dt which is provided by detecting a difference AIn Oa = 1, 2, ...) 
between the threshold value Ith and the actual lamp current lout in each 
predetermined period and accumulating the differences. 

1 5 Therefore, as shown in Fig. 24, the current error accumulation unit 

29 is connected at an output side of an the error amplLEier 28 for detecting 
the difference between the detection value of the lamp current lout and the 
predetermined value Ith for determining the output lowering, and the target 
current accumulated value (i.e., the iacrease value AAT3 of the cxirrent 

20 accumulated value) in the electrode heating period is determined based on 
the accimiulated value J(AIn)dt of the error. 

In Figs. 25A, it is noted here that the one- dotted broken line shows 
the waveform of loutl when loutl > Ith, and the current accumulated value 
is calculated by a formula: loutl x t. Solid line shows the waveform of Iout2 

25 when Iout2 < Ith, and the current accumulated value is calculated by a 
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formula: Iout2. x (t + At3) + AAT3. Here, AAT3 is variable with respect to 
variation of J(AIii)dt, and Equation: loutl x t = Iout2 x (t 4- AtS) is 
formulated. 

Here, when the lamp current lout is lower than the threshold value 
Ith and the diflference between the threshold value Ith and the lamp current 
lout is the same, as the period while lout is lower than Ith is longer, the 
discharge lamp is likely to go off. Therefore, in the case the period while 
lout is lower than Ith is long, it is necessary to further increase the target 
current accumulated value as compared with the case it is short. 

The embodiment 13 implements the above. Therefore, in addition to 
the effect in the embodiment 12, since the increase amount of the current 
accumulated value can be calculated with higher precision, the discharge 
lamp can be surely prevented from going off while the electrical stress 
toward the discharge lamp is at a lower hmit level. 

In addition, as one example, although the AAT3 may be hnearly 
increased according to the variation of the KALa) dt as shown by a straight 
hne A2 in Fig. 25B, when the AAT3 is e3q)onentiaIly increased according to 
the variation of the J(AIn) as shown by a curved line B2 in Fig. 25B, the 
discharge lamp can be more surely prevented from going off. 

However, as described above, if the current accumxdated value is 
increased too much, since it could cause reduction of the life of the discharge 
lamp, the maximum value of the increase amount AAT3 of the current 
accumulated value is set so as not to affect on the life. 

Although the control is performed by the lamp current lout and 
threshold value Ith in this embodiment, the same control may be performed 
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by replacing those with the lamp power calculated from the lamp current 
and the lamp voltage, together with the threshold value of the lamp power. 

Alternatively, in the case where the output power or the output 
current is lowered when the input voltage itself is lowered or the apparatus 
temperature rises high, in a similar manner to the embodiments 12 and 13, 
the electrode heating period may be adjusted depending on the lowering 
amount of the target output power or the output current (corresponding to 
the embodiment 12), or depending on the accvimulated value of the lowering 
amount (corresponding to the embodiment 13). 

Embodiment 14 

Fig. 26 is a circuit diagram showing an embodiment 14. Figs. 27A 
and 27B show operation waveforms of the embodiment 7 shown in Fig. 11 
and the embodiment 14 shown in Fig. 26, respectively. Fig. 27A shows only 
a part of a difference between the embodiment 7 of Fig. 11 and the 
embodiment 14 of Fig. 26. As shown in Fig. 27A, according to the 
embodiment 7, a current threshold value Ith is set in a lamp current lout in 
an electrode heating period and when a period t' when the actual lamp 
current lout is continuously lower than the current threshold value Ith 
exceeds a time threshold value tth, a predetermined value AAT4 of a current 
accumulated value is increased. In addition, in Fig. 27A, it is assumed that 
an output current is Iout3 when the lamp cmTcent lout is greater than the 
current threshold value Ith, and an output current is Iout4 when the lamp 
current lout is smaller than the cxirrent threshold value Ith. 

Meanwhile, according to the embodiment 14 shown in Fig. 26, as 
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shown in Fig. 27B, an increase amonnt AAT5 of a current accumulated 
value is varied according to a length of the period t' while the actual lamp 
current lout is continuously lower than the current threshold value Ith in 
the electrode heating period. Therefore, a counter unit 30 is provided at an 
output side of a comparator 23 for counting a period while the lamp current 
is continuously lower than the predetermined value for determining the 
output lowering. The comparator 23 compares a detection value of the lamp 
current lout with the predetermined value for deter minin g the output 
lowering Gth in this case). Thus, the predetermined value for determining 
the output lowering in the electrode heating period is determined based on 
the length of the counted period t' as shown in the circuit in Fig. 26. In 
addition, the counted value by the counter unit 30 is reset when a signal 
which notiGLes a timing of inversion by an inverter 2 is sent from an 
alternation signal generation xmit 14 to the coimter unit 30. 

In Figs. 27A, it is noted here that one-dotted broken line shows the 
waveform of lout when t' < tth, and the current acciimulated value is 
calculated by a formula: Iout3 x (t - V) + Iout4 x t'. Solid line shows the 
waveform of lout when t* > tth, and the current accumulated value is 
calculated by a formula: Iout3 x (t - t') + Iout4 x f + AAT4. Here, AAT4 is 
constant with respect to variation oft'. 

In Figs. 27B, it is noted here that the current accumulated value is 
calcxilated by a formula: lout3 x (t - V) + Iout4 x t' + AAT5. Here, AAT5 is 
variable with respect to variation of t'. 

In the control of the embodiment 7 shown in Fig. 27A, the increase 
amount AAT4 of the current accumulated value is constant both when the 
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period length, t' is slightly larger than the time threshold value tth, and 
when it is considerably larger than the threshold value tth. In this case, 
when the length f is considerably larger than the threshold value tth, the 
discharge lamp may go off because of insufficiency of the increase amount of 
the current acctimulated value. 

In contrast, according to the control in the embodiment 14 shown in 
Fig. 27B, when the length f is considerably larger than the time threshold 
value tth, the ciirrent accumulated value can be more increased. As a result, 
the discharge lamp is surely prevented from going off. 

As one example, although the AAT5 may be linearly increased 
according to the variation of the time length t' as shown by a straight line 
A3 in Big. 27C, when the AAT5 is exponentially increased according to the 
variation oft' as shown by a curved line B3 in Fig. 27C, the discharge lamp 
can be more surely prevented from going off. 

However, as described above, if the current accumulated value is 
increased too much, since it could cause reduction of the life of the discharge 
lamp, the maximum value of the increase amount AAT5 of the current 
accumulated value is set so as not to affect on the life. 

Although the control is performed by the lamp cvirrent lout and the 
current threshold value Ith in this embodiment, the same control may be 
performed by replacing those with the lamp power calculated from the lamp 
current and the lamp voltage together with the threshold value of the lamp 
power. 



Embodiment 15 
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Fig. 28 is a sectional view showing an embodiment of a car headliglit 
apparatus using a discharge lamp lighting apparatus according to the 
present invention. In Fig. 28, reference character La designates a discharge 
lamp, and reference niuneral 4 designates an igniter. In addition, reference 
numeral 31 designates a ballast which incorporates a circuit of the lighting 
apparatus according to any one of the above embodiments 1 to 14, 
Reference numeral 32 designates a reflector which reflects Hght from the 
discharge lamp to distribute the Hght, and reference numeral 33 designates 
a font lens. 

Fig. 29 is an enlarged view showing the discharge lamp La as a load. 
Reference numeral 34 designates a cap, and reference numeral 35 
designates an electrode. The present invention especially effective when the 
discharge lamp which does not contain mercury is hghted, and the car 
headhght apparatus having the above constitution can be achieved with the 
effect of the present invention. 

Industrial i^plicability 

According to the present invention, the discharge lamp is prevented 
from going off when the polarity is inverted without shortening the hfe of 
the discharge lamp, so that the discharge lamp can be siirely moved to the 
stable lighting state even when the lamp current is abruptly changed at the 
time of starting actuation of the discharge lamp because of the changes of 
the power supply circumference, the operation circumference of the hghting 
apparatus, or the change in electrical characteristics of the discharge lamp 
and the Kke. A lamp system such as a car headlight apparatus using the 
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discharge lamp lighting apparatus can be provided with the same effect. 



